Lamotrigine is a recent medication which is prescribed for various neuropsychiatric conditions. It is generally well-tolerated, but recent pharmacoepidemiological evidence suggests that lamotrigine is associated with risks of developing severe cutaneous drug reactions like toxic epidermal necrolysis (TEN). However, there still remains the diagnostic challenge regarding how to confirm the drug causality in suspected cases. In most cases so far, lamotrigine causality has not been objectively demonstrated, which was possibly due to high risk of oral challenge tests or the lack of useful in vitro drug assays. Here we report a case of lamotrigineinduced TEN, of which the drug causality was confirmed by in vitro granulysin and cytokine assays.
INTRODUCTION
Toxic epidermal necrolysis (TEN) is a rare fatal disease with unclear pathogenic mechanisms [1, 2] . Lamotrigine is one of recent medications for neuropsychiatric disorders with well tolerability [3] , but accumulating evidence suggests that lamotrigine has potential risks of severe cutaneous reactions like TEN [4] . However, to date, the drug causality in TEN cases has been mostly determined in clinical context or relied on scoring system like ALDEN algorithm [5] , which was due to high risk of rechallenge tests [6] or low sensitivity of in vitro lymphocyte transformation test (LTT) in TEN [7] . Here we report a case of lamotrigine-induced TEN, of which the drug causality was objectively confirmed by in vitro granulysin and cytokine assays.
CASE REPORT
A 22-year-old female with borderline personality disorder presented with generalized bullous eruption that started one week ago. She was prescribed lamotrigine for 40 days prior to the onset, but also took massive lamotrigine overdose 4 days ago. At admission, her temperature was 37.3°C with blood pressure 129/69 mmHg, heart rate 90 beats/min and respiration rate 20 breaths/min. On examination, bullous formation and skin detachment was found in more than 50% of body surface (Fig.  1) . Mucosal involvement was found in conjunctiva, oral cavity, and vagina. Nikolsky's sign was also positive. Initial laboratory investigation showed albumin 3.4 g/dL, blood urea nitrogen 12 mg/dL, glucose 141 mg/dL, bicarbonate 27.2 mmol/L, and C-reactive protein 2.53 mg/dL. Viral serologic examination found no abnormality for hepatitis virus, or human immunodeficiency virus. Serum human herpesvirus-6, cytomegalovirus, or EpsteinBarr virus titer was also normal by real-time polymerase chain reaction.
Based on clinical findings, she was diagnosed as TEN. Medication history revealed that lamotrigine was the only agent which had been added during the past few months, and thus was suggested to be the culprit. Initial treatment included the discontinuation of lamotrigine, intravenous methylprednisolone 1 mg/kg/day, and parenteral nutritional and fluid therapy. In addition, intravenous immunoglobulin (IVIG) 1 g/kg/day was administered for 5 days. Her skin lesions were managed with wet dressing, and ocular and genital lesions were treated by ophthalmologists and gynecologists respectively.
During the first week since admission, overall signs started to improve; no further fever or active bullous formation were observed. The IVIG therapy was stopped on hospital day 5 as scheduled. However, on day 6, she abruptly showed signs of aggravation; she redeveloped fever, oral mucosal bleeding, and new extensive bullous eruptions at trunk and extremities. As her deterioration was rapid despite ongoing systemic corticosteroid therapy, we decided to add intravenous cyclosporine 3 mg/ kg/day. On day 8, her fever and eruptions began to resolve. Since then, she recovered without further aggravation, and was discharged on hospital day 33. Methylprednisolone was slowly tapered until day 21. Cyclosporine was maintained for 4 weeks, and tapered off.
To prevent re-exposure, we proceeded in vitro investigations to confirm the drug causality. After one month since off treatment, we obtained her peripheral blood mononuclear cells (PBMCs) to stimulate with lamotrigine. As granulysin is a key mediator in TEN [8] , we did experiments to measure in vitro granulysin responses upon lamotrigine stimulation. Briefly, her PBMCs were cultured with or without 20 or 50 μg/mL lamotrigine for 4 days. To determine granulysin expression in different subsets, PBMCs were fixed, permeabilized, and stained with anti-CD3, anti-CD4, anti-CD8, anti-CD56, and antigranulysin antibodies; the results were measured by flow cytometry. As results, we found up-regulation of granulysin in CD3-CD56+NK (natural killer) cells in the patient, at day 4 upon lamotrigine stimulation (Fig. 2) . Granulysin upregulation was not found in CD4+ or CD8+T cells at day 4. In addition, we observed high increase of interferon-γ (IFN-γ) in the supernatants (Table 1 ). All the experiments included three healthy volunteers as negative controls, and were duplicated. Collectively, our experiments confirmed lamotrigine as the offending agent.
DISCUSSION
Since the first case report in 1990s [9] , lamotrigine has been considered as one of significant causes for Stevens-Johnson syndrome (SJS)/TEN among recently marketed medication [4] . Despite the epidemiological associations, there still remains the diagnostic challenge regarding how to confirm the causality in lamotrigine-suspected TEN cases [7] .
Here we objectively demonstrated the lamotrigine causality by measuring in vitro granulysin expression in CD56+NK cells. Granulysin is a key mediator, and NK cell is a main source [8, 10, 11] . Our positive findings are in line with recent literature, suggesting potential utility of in vitro drug assays directed to endotypes [7, 12] . The LTT was insensitive in lamotrigine-SJS/TEN cases (4/23), even less sensitive than in mild eruption (3/6) [7] . As SJS/TEN involves specific cytotoxic process rather than general lympho-proliferative features, the low sensitivity of LTT may be plausible and the specific assay could be more appropriate. However, one single in vitro test may not be always sufficient. Accordingly, Porebski et al. [12] recently suggested to combine different assays to identify causative drugs in 15 SJS/TEN patients. We generally agree with their opinions as with our findings of concomitant IFN-γ increase in the supernatants. However, we partly argue against their granulysin measurement in CD4+T cells. The primary reason is that the degree of granulysin up-regulation in CD4+T cells was too small (0.65%) to detect significant difference from the baseline value, which was in contrast to 14.1% up-regulation in NK cells [12] .
In clinical aspects, we briefly discuss the therapeutic utility of cyclosporine, considering the lack of proven therapy in TEN [13] . So far, several immune-modulating modalities have been Interferon-γ levels were measured by using bead-based immunoassays from supernatants of 4-day stimulated peripheral blood mononuclear cells. tried, such as IVIG [14] , corticosteroids [15] , or plasmapheresis [16] . As TEN had similar histological findings with graft versus host disease [17] , cyclosporine therapy has been suggested [18] . Recent open trials evaluated the efficacy of cyclosporine 1.5 mg/ kg/day therapy in 29 SJS/TEN patients, and found trends toward reducing mortality (0 in the cyclosporine-treated group vs. 2.75 by SCORTEN prediction) and promote skin stabilization [19] .
We consider cyclosporine as a potential therapeutic option in progressive TEN cases, and controlled trials are necessary. Collectively, we report a case of lamotrigine-induced TEN, in which the causality was confirmed by in vitro granulysin and cytokine assays. We expect in vitro granulysin and cytokine assays to be further utilized in identifying the culprit drug in patients who develop SJS/TEN while taking multiple drugs, or in studying cross-reactivity among related-drugs.
